In order to examine the hypothesis that light flashes seen by astronauts on lunar missions are the result of primary cosmic particles, two human subjects were exposed to a fast neutron beam (20 MeV to 640 MeV) at the Berkeley 184-inch cyclotron. Both subjects saw 25 to 50 discrctc pinpoint bright momentary light flashes in response to a flux of 104 neutrons cm -2 sec 1 (1 mrem dose). The star-like phosphene phenomenon in the neutron exposure is different from x ray induced radiophosphenes and from electrically produced visual flashes. No visual phenomenon was noted on positive pi meson exposure at .200 neutrons cm -2 sect. We believe that bright flashes seen by astronauts are from primary cosmic particles traversing the retina. The mechanism is probably ionization, although light from Cerenkov effect has not been ruled out. It is possible that these flashes were due to ionization or some other form of interaction of primary cosmic particles with tissues.
The streaks might be principally due to heavy primaries, and double points could be accounted for by one cosmic particle intersecting the retina at two points. Energy transferred to tissue by these particles is proportional to the square of their atomic number, and it also depends on their velocity (= 1/v 2 ).
It is important for the safety of long inter- Fazio etal. 7 that the phenomenon observed in space may be due to light from the Cerenkov effect that accompanies fast particles.
In order to learn more about light sensatioji induced by fast atomic particles, we have made an initial exploration of visual phosphone phenomena due to a beam of fast neutrons at the Berkeley 184-inch cyclotron. 8
Subsequently, the tests were expanded to rnesons from the Bevatron.
Very fast neutrons lose energy by elastic and nonelastic collisions with nuclei. These result in heavy ionizing nuclear recoils and in high speed nuclear spallation fragments.
Although the range of these fragments is much less than that for primary cosmic ray particles, they mightbe able to cause quali.-tatively similar biological effects. The ratio of slow to fast neutrons was measured by activated indium foils.
METHODS
In addition, a tissue-equivalent liquid, simulating the human body in composition and shape, was also exposed to the neutron beam at high level (1.04X10 6 neutrons cm 2 sec).
By converting the II C counts obtained to dose in rem units, we obtained agreemeit within a factor of 2 with the plastic scintillator data. The subjects were dark-adapted by wearing a combination of green sunglasses and red x-ray dark-adapting glasses for more than 2 hours prior to exposure. During First Exposure:
• The beam was turned on for I Sec and CT saw three or four star-like flashes. He had difficulty describing precisely the duration and color.
1645 Second-Exposure:
The next exposure was for approximately 3 sc at 1AX10 neutrons/sec. Unknown to the subject, but after the head was centered and all were ready, the beam was turned on. The subject immediately exclaimed that he saw flashes. The beam was left on for 3 sec, during which time the subject saw a cluster of small scintillations similar to luminous balls seen in fireworks with the initial tails fuzzy and the heads like tiny stars. His subsequent description and diagrams showed these to be comma-shaped (see Fig. 3 ). More of these were seen in the peripheral than in the central fields of vision. They had subjectively brief lifetimes, and extinguished completely. Attempts to 'focus' the eyes on them were futile but several different shapes and intensities seemed to be present. Perhaps these attempts to "look at" the scintillations resulted in the appearance of the comet-like tails. The total number in the visual field at any given time was 25 to 50. The luminous dots were about as bright as the average stars in the sky, and while the subject was visualizing them, the background seemed to have turned very black. The color of the scintillations seemed white, with possibly on occasional color tinge on a few, as one sees on the star Betelgeuse. (Fig. 2B) , and a 3-sec exposure was given (Position B).
Subject was not informed when the beam was turned on, and there were no audible cues to the best of our knowledge. The first thing the subject noted was a pin_like whitish-grey light in the mid-nasal field. His thoughts were that this represented a very-weak reaction, if this was when the beam was turned on. Shortly thereafter, approximately a second and perhaps less, he noticed a splash of minute pin_like lights which he described as stars, white-blue in color, coming at him. There appeared to be approximately 50 in a total field, with most of them in the lower left, relative to the right eye. There were 5 to 10 in the upper right. The field seemed to be diffusely covered. There was nothing particularly noted in the center of the right visual field other than, perhaps, a paucity of these "sparks. ' The subject expected to see electrical phosphene -like phenomena with diffuse streaks or crescents, but these well-known phenomena were not observed. The subject noted two waves as if the beam had been modulated. The attached diagram shows what the subject saw (Fig. 4) . Table I . The subject, TB, was dark-adapted for more than 1 hour. The dark-adapted subject noted no visual phenomena during or after exposures. As the whole head was bathed in a pion beam of 200 particles cm 2 sec, each eye received 800
to 1000 particles for a total exposure of about 5000 particles through each retina. Any interactions or Cerenkov light which occurred in the eye were not detected by the subject.
VISUAL OBSERVATIONS AT HIGH ALTITUDE
The same subjects flew repeatedly in commercial airplanes at 10 000 meters The subjects observed no events at all, during any of the exposures, that were similar to the copious star-like scintillations seen in the neutron exposures. Therefore, we conclude that x rays at a dose rate less than 1.25 mR/sec do not produce phosphenes.
To compare the characteristic of the xray phosphene to the neutron beam phosphenes, two subjects were exposed for 1/30 and -7- delivered at higher dose rate. These latter were rather similar to electrical phosphenes.
We shall examine several alternative explanations in an effort to understand the processes that have led to the phenomenon, and to obtain guidance for future experiments. In the following we shall assume that the relevant interactions must occur in the eye, that is, in the retina or vitreous fluid. The validity of this assumption will be examined later. According to our measurements, , the neutron flux density, was 1.4X10 4 cm 2 sec 1 .
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The number, N., of nitrogen, oxygen, and carbon atoms per cm 3 was assumed to be that characteristic of tis sue shown in Table III . Heavier tissue constituents such as P, 5, and Ca were neglected due to their low abundance.
Taken for this beam. The cross section is largest at about 20 MeV and declines with increasing energy.
Total cross section.
The effective area of the retina was assumed to be a = 4 cm 2 ; t is the effective range of the recoils, that is, the effective distance away from the retina within which the nonelastic collision must occur if the recoiling particle is to reach the retina. We assume There is a contrast mechanism that favors visibility of high-LET particles. At the low intensity used in our experiments, the energy is concentrated in the densely ionizing tracks; there is considerable distance between particles. In the intervening space there is practically no ionization at all, providing a light-to-dark contrast between track core and surrounding region.
Further studies are in progress on the dose rate and dose relationship of x-ray-induced flashes. It is quite possible that these will contribute to our understanding of some of the mechanisms by which our visual system operates.
Location of the Primary Interaction Between Rathation and Tissue to Produce Flashes
The studies described here suggest that exposure of regions at or near the eye is responsible for appearance of visual flashes.
In both types of exposures at least one eye In man, it is more likely that rods are affected, rather than cones, as evidenced by the lack of specific color of the flashes. If the action of particles is due to ionization or excitation, then it seems likely that the particles must pass through the light-sensitive cells (e. g. , rods) that they affect. As assumed earlier in We discussion, the particles may originate at points distant from the retina.
The Possibility of Aftereffect
We already know that a small dose of x rays administered to the retina effects retinal threshold for an appreciable period afterwards, and this is also true for electrical effects on frog retina. 13 Most of such effects are believed to be reversible. An important aspect of future studies should be evaluation of such aftereffects following heavy-particle exposure.
Geometric Considerations
Exposure to a lateral beam of neutrons that passed through both eyes caused sensation of small luminous stars with tails ( Fig.   3 ), quite similar to the appearance of short electron tracks in the continuously .expanding cloud chamber. When the beam passed headon into one eye only, the stars appeared to be better localized and had no tails (Fig. 4) . Sub- 
